(NiSO 4 ·6H 2 O), cobaltous nitrate (Co(NO 3 ) 2 ·6H 2 O), cadmium nitrate (Cd(NO 3 ) 2 ), ethylenediaminetetraacetic acid (C 10 H 16 N 2 O 8 ) were purchased from Tianjin Damao Chemical Reagent Factory. Nafion solution (~5 wt% in a mixture of lower aliphatic alcohols and water) was purchased from Sigma-Aldrich Shanghai Co.. Deionized water was supplied with a Barnstead Nanopure Water System (18.2 MΩ·cm) and used throughout the experiment. Argon gas and nitrogen gas were obtained from Guangzhou YIGAS Gases Co., Ltd..
Synthesis of Fe 2 O 3 Nanosheets Array on Iron Foam (Fe 2 O 3 NS/IF)
The synthesis process of Fe 2 O 3 NS/IF was according to the literature with a modification. [1] In a typical synthesis process, IF of 0.1 cm in thickness were cut into specimens of 2 cm × 4 cm, then sonicated in ethanol, diluted hydrochloric acid (0.01 M) and deionized water for 15 min, respectively. After drying in a nitrogen flow, the IF was thermally annealed at 450 °C for 4 h with a heating rate of 2 °C/min in air and cooled down naturally. The obtained red-brown product was denoted as Fe 2 O 3 NS/IF.
Synthesis of Fe Nanoparticles Encapsulated into N-Doped Carbon Nanotubes

Array on Iron Foam (Fe@N-CNT/IF)
A piece of Fe 2 O 3 NS/IF and dicyanamide were put at a porcelain boat with cover. The weight ratio for Fe 2 O 3 NS/IF to dicyandiamide was 1:10. Subsequently, the sample was heated at 450 °C for 2 h, then at 750 °C for 2 h under Ar atmosphere. The obtained black product was denoted as Fe@N-CNT/IF. The mass loading of Fe@N-CNT is ~1.2 mg/cm 2 , which was dissolved to remove IF by 3 M HCl.
Synthesis of Metal-Carbon Hybrids Electrode
In a typical experiment, the Fe-based flocculant adsorbed of methylene blue or heavy metal (denoted as Fe-MB or Fe-M (M=Cr, Co, Ni, Cu, EDTA-Ni or Cd)) was firstly filtered out and dried. Coequal mass mixture of Fe-MB and Fe-M were put into a ceramic boat and calcined at 750 °C for 2 h in an Ar atmosphere to synthesize multimetal carbon hybrids, which were denoted as MFe-C (M=Cr, Co, Ni, Cu, EDTA-Ni, Cd). Fe-MB was calcined at 750 °C for 2 h in an Ar atmosphere to obtain monometal carbon hybrids (Fe-C).
Characterization
The morphologies of the obtained samples were characterized by field-emission scanning electron microscopy (FESEM, HITACHI UHR FE-SEM, SU8010).
Transmission electron microscopy (TEM) was performed using a JOEL JEM 2100F microscope. Powder X-ray diffraction (XRD) patterns of the samples were recorded using a Bruke D8 Advance powder X-ray diffractometer with Cu Kα (λ = 0.15406 nm) radiation. X-ray photoelectron spectroscopy (XPS) was performed using a PHI Xtools instrument (ULVAC-PHI). Raman spectra were obtained by a LabRAM HR800 spectrometer (Horiba Jobin Yvon) equipped with an Ar laser (wavelength = 514.5 nm) and a long working distance 50× objective lens. Fourier transform infrared spectroscopy (FTIR) of all the samples were recorded via an IR Affinity-1 FTIR spectrometer (Shimadzu, Japan).
Electrochemical Measurements
Hydrogen evolution reaction catalytic activities were tested using an electrochemical workstation (CHI 760E, CH Instruments, Inc.) in a standard three-electrode system in 0.5 M Na 2 SO 4 electrolyte, using as-prepared electrode, a saturated calomel electrode (Hg/Hg 2 Cl 2 in a saturated KCl solution) and graphite rod electrode (diameter: 6 mm, length: 100 mm) as the working, reference and counter electrode, respectively. For preparation of 20 wt% Pt/C and RuO 2 electrode, commercial 20 wt% Pt/C or RuO 2 was well-dispersed in diluted Nafion alcohol solution (1 mL of ethanol and 50 μL of Nafion) to form a homogeneous suspension. Then, the suspension was drop cast onto carbon cloth (CC) and dried at room temperature and the loading amount was about 1.2 mg/cm 2 . Electrochemical activity of the samples (IF, Fe 2 O 3 NS/IF, Fe@N-CNT/IF, metal-carbon hybrids electrode and 20 wt% Pt/C electrodes) were studied via linear sweep voltammetry (LSV) curves with the potential from 0 to -1 V vs. RHE (E(RHE)=E(Hg/Hg 2 Cl 2 , saturated KCl)-0.059×pH) at a potential sweep rate of 2 mV/s. Electrochemical impedance spectroscopy (EIS) was performed with an amplitude of 10 mV and a frequency range of 100 kHz to 0.01 Hz. The main arc in the EIS spectra was fitted using a simplified Randles equivalent circuit, which consisted of a resistance (R s ), a charge-transfer resistance (R ct , interface electrocatalytic reaction between the electrode and electrolyte) and a constant-phase element, and the fitting parameters were estimated using the Levenberg-Marquardt minimization procedure. CV was used to probe the electrochemical double layer capacitance at non-faradaic potentials for estimating the effective electrode surface area. The current-time responses were monitored by chronoamperometric measurements for 10 h at different current density. The produced hydrogen was analyzed by an online gas chromatograph equipped with a thermal conductivity detector (HXSP-GC950, China, TCD, nitrogen as a carrier gas and 5 Å molecular sieve column).
Electrochemical Flocculation Adsorption Measurements
The electroflocculation measurement was tested in a standard two-electrode system in 100 mL 0.5 M Na 2 SO 4 with 100 mg heavy metal ions or organic pollutants. The 
Evaluated the economy of this hybridization system:
A 1 =ΔU·I·t·P 1 where A 1 , ΔU, I, t and P 1 are the cost, voltage, current, time and univalence of electricity, respectively.
A 2 = D Fe ·t·P 2 where A 2 , D Fe , t and P 2 are the cost, the dissolution rate of Fe voltage, time and univalence of Fe, respectively.
where A is the cost of the hybridization system. 
